Mutations of epithelial growth factor receptor (EGFR) in exon 19 and 21 are both believed to be associated with carcinogenesis, sensitivity to tyrosine kinase drugs and with the prognosis of non-small cell lung cancers (NSCLCs). However, their exact clinical significance remains disputable. We detected the mutations of 157 NSCLCs from mainland China with high resolution melting analysis and identified exon mutations with DNA sequencing. Of the 157 cases examined, 57 displayed EGFR mutations which included 22 in exon 19 and 35 in exon 21. Current research has shown that EGFR mutations are more commonly associated with the female population and East Asians, with additional significance being adenocarcinomas. Our current findings are supporting this sugestion. We analysed the clinicalpathological characteristics of mutations in exon 19 and 21 separately, which showed that the mutation frequency of NSCLCs in exon 21, but not in exon 19, were significantly higher in females. Comparatively, mutation frequencies in exon 19 were significantly higher in the stage I and II than in the stage III abnd IV, while tumors with lymph node metastasis and the stage III and IV demonstrated significantly higher mutation frequencies in exon 21. Additionally, exon mutations in the left and right lung showed significant differences: with exon 19 mutations being more frequent in the tumors of left lung, and exon 21 mutuations showing a higher incidence in right lung tumors. This suggests that, in mainland China, NSCLCs with EGFR mutations in exon 19 could have a less malignant character than those with mutations in exon 21. It's the first report that EGFR mutations in exon 19 and exon 21 in NSCLC patients may relate to the tumor sites, but further research is still required.
Lung cancer is the leading cause of cancer-related death around the world, including China. Non-small cell lung cancer (NSCLC) comprises about 80% of all lung cancers. The occurrence and development of NSCLC involves several gene alterations by stepwise progression [1] . Epithelial growth factor receptor (EGFR) is a tyrosine kinase receptor that plays a key role in signal transduction that regulates cell proliferation, survival and differentiation during physiological development phases. Mutated EGFR activated by autophosphorylation can continuously stimulate the downstream signal pathways, promoting cellular proliferation and inhibiting apoptosis, finally leading cells to malignant transformation [1] [2] [3] [4] . Mutations of EGFR are mainly harboured in exon 18-21 which encode the tyrosine kinase domain. Deletion mutation in exon 19 and point mutation in exon 21 are the two most common activating mutations [5] . KRAS, encoding a small GTPase downstream of EGFR, is one of proved oncogenes. KRAS activating mutation is another agent in the carcinogenesis of NSCLC [6, 7] . The function of abnormal activation in EGFR/KRAS signal transduction in carcinogenesis, including NSCLC, was recognised many years ago. With the coming of molecular target therapy in tumors, the EGFR/KRAS signal transduction pathway was emphasised specially.
EGFR tyrosine kinase inhibitors (TKIs), such as gefitinib and erlotinib, play a role in the treatment of NSCLC through binding to EGFR tyrosine kinase domain and then inhibiting EGFR/KRAS signal transduction. Since Lynch et al and Pacz et al reported that EGFR mutations, especially in the tyrosine kinase domain, might predict the sensitivity to gefitinib treatment to NSCLCs in 2004, more and more research groups proved that EGFR mutations in exon 19 and 21 are the critical markers of NSCLCs sensitive to TKI drugs [8, 9] . And then KRAS mutation, normally in codon 12 and 13, is thought to be a biomarker to resistance to TKIs. EGFR mutation is usually exclusive to KRAS mutation. And it was thought that NSCLCs with EGFR and KRAS mutations commonly present different clinicopathological characteristics [10, 11] . Interestingly, EGFR mutations in exon 19 and 21 are usually exclusive too [12] . However, it is still unclear if the two type mutations in EGFR have different clinicopathological characteristics and clinical significance. It was noticed that patients with EGFR mutation in exon 19 had higher sensitive rates to TKI drugs and increased survival rates after treatment with TKI drugs in contrast to those with exon 21 mutations [11, [13] [14] [15] [16] [17] [18] , while some research groups didn't think so [19] . Shigematsu et al from Japan even thought patients with EGFR mutations of exon 21 exhibited an increase in survival if they had not received any form of chemotherapy including TKI drugs when compared to those with mutations of exon 19 [2] . Therefore it's significant and necessary to explore the association of the mutations with clinical characters and supplement data about it from areas as many as possible in order to make the question clear.
In this study, we continually detected the character of EGFR and KRAS mutations in NSCLC patients of mainland China. Additionally, we analyse the differences of clinicopathological characteristics between NSCLC patients who exhibit EGFR mutations in exon 19 and 21 in order to explore the carcinogenesis and clinical significance of these mutations in NSCLCs, with the hope of improving NSCLC treatment with EGFR TKI drugs.
Patients and methods
Patients and tissue samples. Tumor specimens, along with matched normal lung tissues around tumors were collected from 157 patients with NSCLC who underwent surgical procedures at the affiliated hospitals of the Dalian Medical University from July 2007 to May 2009 and patients examined for study had not previously sought any conventional chemotherapy or radiotherapy before. Of the 157 patients, there were 90 men and 67 women with a mean ± SD age of 62.4 ± 9.2 years (range 38-80 years). All tumors were diagnosed by two certified pathologists. The tumors included 48 squamous cell carcinomas, 97 adenocarcinomas, 4 adenosquamous carcinoma, 5 large cell carcinomas and 3 sarcomatoid carcinomas. Of the 97 adenocarcinomas, there were 17 mixed adenocarcinomas with bronchioloalveoloar components (AWBC) or bronchioloalveolar adenocarcinomas (BAC). There were 58 patients with a history of smoking, 99 patients without it. Lymph node metastasis was pathologically found in 85 cases, not in others. There were 89 patients with clinical stage I and II, 68 patients with III and IV. Of the tumors, 74 were obtained from the left lung, and 83 from the right. All tissue samples were collected with the approval of The Ethics Committee of the Dalian Medical University and with the informed consent of the patients or families before surgical procedures.
DNA extraction. DNA extraction of every sample, either tumor or the matched normal lung tissue, was performed according to the protocol described previously [20] .
Polymerase chain reaction
EGFR exon 19, 21 were amplified for mutation detection with high resolution melting analysis with a total volume of 10 µl reaction mixture with a 15 µl mineral oil overlay in each well on a 96 well PCR plate. The reaction mixture contained 1 x PCR buffer (TaKaRa), 1.5 mM MgCl 2 (EGFR exon 21 with 1.8 mM MgCl 2 ), 200 µM dNTPs, 0.25 U Taq (TaKaRa) (EGFR exon 19 with hotstart Taq), 20ng genomic DNA, 0.5uM forward primer, 0.5uM reverse primer, and 1x LCGreen PLUS ® (Idaho Technology). Primer 1 was designed to span from codon 731 to codon 761 of EGFR exon 19, containing 106 base pair (bp). The sequences of Primer 1 [21] were 5'-TGGATCCCAGAAGGTGAGAA -3' (forward) and 5'-AGCAGAAACTCACATCGAGGA -3' (reverse). Primer 2 was designed to span codon 858 and 861 of EGFR gene exon 21, containing 92bp. The sequences of Primer 2 were 5'-CGCAGCATGTCAAGATCA -3' (forward) and 5'-CCTC-CTTACTTTGCCTCC -3' (reverse). PCR was performed on a Mastercycler (Eppendorf). The samples were denatured at 95 °C for 10 minutes, and followed by 45 cycles consisting of a denaturation step at 95 °C for 30 seconds, an annealing step at 53.4 °C for 10 seconds, and an extension step at 72 °C for 1 minute with primer 1 and denatured at 95 °C for 2 minutes, 45 cycles consisting of a denaturation step at 95 °C for 30 seconds, an annealing step at 61 °C for 10 seconds, and an extension step at 72 °C for 30 seconds with primer 2.
EGFR exon 19 and 21 were amplified for sequencing with a total volume of 40 µl reaction mixture in 200µl PCR tubes. The reaction mixture contained 1 x PCR buffer with 1.5 mM MgCl2 (TaKaRa), 200 µM dNTPs, 1 U Taq (TaKaRa), 80ng genomic DNA, 1µM forward primer, 1µM reverse primer. EGFR exon 19 and 21 were amplified with primers previously published by Paez et al [9] . The samples were denatured at 95 °C for 2 minutes, 45 cycles consisting of a denaturation step at 95 °C for 30 seconds, an annealing step at 60.8 °C for 10 seconds (EGFR exon 21 with 57.3 °C), and an extension step at 72 °C for 30 seconds.
KRAS exon 2 amplified for HRMA and sequencing have been described previously [20] .
High resolution melting analysis
In a 96-well PCR plate, each sample was analyzed in triplicate. Deionized water was used in a non-template control well (no genomic DNA was added) and DNA without EGFR exon 19, 21 and KRAS exon 2 mutations which proved by sequencing was used as a wild type control sample. The tumor tissue and the matched normal lung tissue from the same patients were analyzed in the same PCR plate. When samples were amplified in 96-well plates, melting curve acquisition was performed on the LightScanner™ (Idaho Technology). The PCR products and melting curves were analyzed using the LightScanner™ software (version 2.0) according to the manufacturer's instructions.
DNA sequencing
The samples with EGFR exon 19 or exon 21 or KRAS exon 2 mutation detected by HRM were identified by sequencing. Forty samples (tumor samples or the matched normal lung tissues) without any mutation of the 3 exons were selected randomly to sequence. PCR products were sequenced with a BigDye Terminator v3.1 Cycle Sequencing Kit, performed on an ABI PRISM 3730XL DNA Analyzer and an ABI PRISM 377XL DNA Sequencer.
Statistics. Associations between the types of EGFR and KRAS mutations detected and clinical pathological and histological features were evaluated with chi-square tests, Fisher's exact tests and nonparametric test using SPSS 13.0 statistical software. Values of p< 0.05 were considered significant.
Results

EGFR and KRAS mutation detection by HRM analysis and sequencing in NSCLCs.
Of 157 NSCLC cases examined, 57 (36.3%, 57/157) cases were EGFR mutations, which included 22 (61.4%, 35/57) in exon 19 and 35 (38.6%, 22/57) in exon 21, and 11 (7.0%, 11/157) cases with KRAS mutations. The mutation frequency in EGFR was significantly higher than that in KRAS (P=0.000). The mutation frequency of EGFR in exon 21 was higher than that in exon 19, but it was not significant between them (P=0.057). All mutations were solely detected in lung cancer samples, not in any matched normal lung tissue. It was not found double mutations of EGFR in exon 19 and 21 or mutations of both EGFR and KRAS in any sample.
We further sequenced the 68 samples with EGFR or KRAS mutations and 40 samples selected randomly without any mutation of the 3 exons detected by HRM, including 27 tumor samples and 13 matched normal lung tissues. All mutations selected by HRM were proved by sequencing. It was found that there were 6 types of deletion mutation in EGFR exon 19, 4 types of point mutation in EGFR exon 21 and 6 types of point mutation in KRAS exon 2 ( Table 1) . None of the 40 samples without any mutation by HRM were shown any mutation detected by sequencing.
Correlation of EGFR and KRAS mutations with clinicopathological characteristics
EGFR mutations were more frequent in females than in males (52.2% vs. 24.4%, respectively; P=0.000), and in nonsmokers than in smokers (47.5% vs. 17.2%, respectively; P=0.000). EGFR mutation were significantly associated with pathological types (P=0.000), with the highest mutation ratio being found in adenocarcinomas (51.5%), followed by adenosquamous carcinomas (50.0%) and then squamous cell carcinomas comprising the lowest ratio (8.3%). It was not significantly associated with ages, tumor sites, types of adenocarcinoma, lymph metastasis or clinical stages (Table 2) .
KRAS mutations were more frequently found in males than in females (11.1% vs. 1.5%, respectively; P=0.025). There were no significant relationship of the mutations to ages, tumor sites, tumor stages and histological types (P>0.05) ( Table 2) .
Differences of clinicopathological characteristics in patients with EGFR mutation in exon 19 and 21 separately. (Table 3) . Patients with exon 21 mutations had significantly higher frequency in females than in males (32.8% vs. 14.4%, respectively; P=0.006), in adenosquamous carcinomas and adenocarcinomas than in squmous cell carcinomas (50.0% and 29.9% vs. 6.3%, respectively; P=0.003), in non-smokers than in smokers (29.3% vs. 10.3%, respectively; P=0.006). However, the mutation was no related to ages, adenocarcinoma types, tumor sites, lymph metastasis and clinical stages of the patients (P>0.05) ( Table 3) .
We compared EGFR mutation frequencies in exon 19 to that in exon 21 in subgroups of clinicopathological characteristics. We found that the mutation frequencies of EGFR mutation in exon 21 were significantly higher than those in exon 19 in the right lung tumors (25.3% vs. 7.2%, 0.002), tumors with lymph node metastasis (25.9% vs. 12.9%, 0.033) and in the III & IV stages (22.1% vs. 7.4%, 0.015). The mutation frequencies in exon 21 were higher than those in exon 19 in female and non-smoking patients, but there was no significant difference (P>0.05) ( Table 4) .
We didn't found there were any significant differences, between the left lung tumors and the right ones, in ages, genders, pathology types, smoking history, lymph node metastasis and tumor stages (P>0.05) ( Table 5) .
Discussion
EGFR and KRAS are two integral regulatory genes that operate on the same signal transduction pathway that could lead cells to abnormal proliferation and malignant transformation if active mutations occur to either of them [22] . Recently, it was found that EGFR mutation was a sensitive marker of NSCLC to EGFR TKI drugs, while KRAS mutation was a resistant one [22, 23] . Considering the incidence of gene mutations including EGFR and KRAS in NSCLC varied regionally and racially, we detected EGFR and KRAS mutations in 157 NSCLC patients from mainland China, and found that the mutation frequencies of EGFR and KRAS were both similar to reports from other East Asia areas, such as Taiwan China, Japan and Korea [19, [24] [25] [26] [27] [28] . Comparing to western countries, the mutation frequency of EGFR was higher, while that of KRAS was lower in the East Asia areas [20, 29, 30] . Moreover, the EGFR mutation was more commonly found in women, while KRAS mutation more in men. As well as mutations of the two genes were exclusive [11] . All these suggested that mutations of EGFR and KRAS play a key role in the carcinogenesis of NSCLC independently according to ethnic and gender. In mainland China, the EGFR mutations were more common than KRAS in NSCLC patients. Generally speaking, EGFR mutations, more than 90% of them focused in exon 19 and exon 21, occur more frequently in NSCLC patients of women, non-smokers, pathological subtype of adenocarcinoma and east Asian ethincs [7] [8] [9] . We obtained similar results when EGFR mutations in exon 19 and exon 21 were taken as a whole. But when we analyse the association of either mutation in exon 19 or in exon 21 with the clinicalpathological characters separately, we found that the incidence of female patients with mutations in exon 19 was not significantly higher than that of male ones, on the contrary, it did in patients with mutations in exon 21. It indicated that, in mainland China, a higher frequency of EGFR mutations in females was induced by higher incidence of mutations in exon 21, but not in exon 19. At the same time we found that patients with mutations in exon 19 were more frequent in stage I and II, while not in stage III and IV. Moreover, comparing to the frequencies of EGFR mutation in exon 19, those in exon 21 were significantly higher both in tumors with lymph node metastasis and in clinical stage III and IV, while in tumors without lymph node metastasis and in clinical stage I and II, the mutation frequencies were not different significantly between in exon 19 and 21. These indicated that the NSCLCs with mutations in exon 21 have more malignant characteristic than those with mutations in exon 19. It suggested that subtypes of EGFR mutations could have different mechanisms in the carcinogenesis of NSCLC, which would then affect the outcome of patients.
Recently, several groups noticed that NSCLCs with mutation in exon 19 were more sensitive to TKI drugs than those with mutation in exon 21. It would be a result of different biochemical signalling properties acting upon receptors encoded by the two types of mutations. The amino acids coded by the two exons conjointly constitute the tyrosine kinase domain, which is an important functional domain of EGFR. The EGFR tyrosine kinase domain consists of an N-terminal (N lobe), and C-terminal (C lobe). ATP binding cleft (P-loop) lies between N lobe and C lobe. N lobe consists of a β-sheet and the highly conserved αC helix which participates in regulation the activation of the P-loop. Moreover, the C lobe consists of an activation loop (A-loop), which could activate downstream protein following its phosphorylation [31, 32] . Deletion mutation of exon 19 is on one side of αC helix and point mutation of exon 21 exists near A-loop. These two types of mutations both increase EGFR activation by autophosphorylation, leading cells to malignant transformation. TKI drugs can bind to the ATP-binding pocket and inhibit downstream signal transductions [32] . The mutations in exon 19 and 21 of EGFR can change the pocket configuration to be more firmly combined with TKIs. It was reported that deletion mutation in exon 19 was higher phosphorylated than L858R missense mutation in exon 21 [33] . Therefore different type mutations (point and the deletion) may cause different configurational changes, which may be the biochemical basis of the difference in carcinogenesis and sensitivity to TKIs.
Our results found that the NSCLCs with EGFR mutation in exon 19 presented a less malignant character, as well as having more sensitivity to TKIs than those with mutation in exon 21. Therefore it could be the basis that China patients with mutation in exon 19 had better survival than those with mutation in exon 21, as reported from some groups [13] [14] [15] 17] .
Interestingly, we found that the NSCLCs with EGFR mutations in exon 19 were significantly more common in the left lung than those in the right. And in the group of NSCLCs found in the right lung, the frequency of mutation in EGFR exon 21 was significantly higher than that in exon 19. KRAS mutation was not related to the tumor sites. We analysed the relationships of the tumor sites of the lung (the left and the right) to other clinicopathological characters, including age, gender, pathological types, smoking history, lymph node metastasis and tumor stages, but did not find significant relationship (Table 4 ). It was indicated that mutation subtypes of EGFR were related to tumor site; however, they were not caused by an error of sample selection. One postulate may be an association with the embryogenesis and post-natal microenvironment. Toyooka et al found that one NSCLC patient has both exon 19 deletion and exon 21 point mutation on two different tumors, respectively [34] . Several other groups reported that both EGFR mutation in exon 19 and exon 21 were found in the same patients, but it was not reported if the tumors were on one side or both sides of lung [17, 19, 35] . Further research is needed to prove if the mutation types of EGFR are associated with tumor sites which may then hopefully open up new ways of exploring the carcinogenesis and TKI drug therapy in NSCLCs. In short, EGFR mutations are more common than KRAS mutations in NSCLC patients from mainland China. Higher female mutation frequency of EGFR is mainly caused by the high mutation frequency in exon 21, but not in exon 19 in mainland China. Tumor sites and gender could be related to the mutation subtypes of EGFR in NSCLCs. It's the first report that EGFR mutations in exon 19 and exon 21 in NSCLC patients may relate to the tumor sites, though the reason is not clear.
